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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a negative electrode for a lithium secondary battery 
and a lithium secondary battery with excellent discharge capacity and cycle characteristics in 
high rate charge discharge. 

SOLUTION: This negative electrode for the lithium secondary battery is prepared in such a way 
the graphite powder is mixed with a binder, the mixture is formed in a sheet having a density of 
1.5 g/cm3 or more but 2.0 g/cm3 or less, and when the sheet surface is used as a measuring 
surface of X-ray diffraction, the X-ray diffraction intensity of (002) planes of graphite is 
prescribed as 1(002) and the X-ray diffraction intensity of (110) planes is prescribed as 1(110), 
intensity ratio is set as L(1 10)/I(002)(%)>0.5. 
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[MUSI K^iWKfcrtsijrtt^iR^w^A* 

««»*4:l*#tt-fca»aR*Six. 1- 5 
g/cm 3 .£U:2. 0g/cm 3 £lTO«St->-hWc 
Hfl3*»SiiT*9, >- hiB«rX*ia!>fOffl3eiiii: 
U *»<O(002)ffi©Xlft@#f»A^I(002) t U (110) 
B5©X«liaWaSflE«rI(ll0)i: Lfci#. 1(110) /I (002) 
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[it*^i] mmfittt&Mtttfim&zti. i. 5 

llgfeV) (002) ®<7?Xj&|5]#r5£g £1(002) t U (110) 
ffi©XSMa*fa*S«Tl(110) i: Lfct#, 
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[it^4] mmb*tf£mttti>m&&ti. 1. 5 
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Bftj&B3*L-Ctt9, >- h®^X«||5]Jf(Daii^Si: 

U MiSW(002)SroXilll53^f3S^?rI(002) t U (110) 
B©xaiia*f3SSSrI(li0) £ 

i (i 10) /i (002) (%) so. 5T-fe 5 r t turn, t-rzvf-v 

im*m 5 ] mm®JizRxfmmm s mm\z.&&&tix 
tez^—x h&mmzm5i>tivtmx% m^<—* yycw. 

TfcSi i£4$®i^3i»#gUK:fE«©y^*A-& 

m t -f 5 ft* 3 ! 5 tciB^co y ^ ? ^ - ft.rn.mm ©ah. 

[0 0 0 1] 

i&mnm-i-s&m&m *&wa. mis^^ffi^M 
vie y ^ ^AzftiMcAffistf y ^ * a 

[0 0 0 2] 

^ K (graphite intercalation compounds) ftj&jfc £ it 
[0 0 0 3] 



(2) # 2003-197182 

2 

- ^c^tt-r, r (Dtctbi&m.®mmT-f % t 5 mm 
[ooo4] ^tc-mzv ?-<?j»-&Lmmii. ftn\za 
io ttmm-rzrzib. mwjzftmmic&mffixmmf&Mifv 

y ^*A^vassHfcRra»cgAT#ttv>fc«>, y 

»L<45i:V>5 lffl«*s*>o fc. 
[0 0 0 5] 5EKH#&«\ Jlffi(ab®*fc»i(002)®)© 

[0006] _hfs#W^^T<e$nfct>© 

wcmm&RWJ f^&mz&titz v^-^^-^mmm 

30 [0 0 0 7] 

£»«>#»] ±.m<Dg#szmi$.Tz>tc 

fete, *»Wt?ttT1B©*IB©«tt*spJfflbT, tAT© 

V) % (002) ffi^SittfcHMtSrJlI *.fc»£-©R 
8ttt*»*H:(110)ffifd6aiLfc»S-OJfi)40~50«PT?*> 

\z.tji*>ok^ W2)ffi&&WriZttlsXWjT\Ztd:?>£oiZ 
m&i- Steffi*) 5. 
[0 0 0 8] Hlgroll#&*t!|S|--Cfi— ttOiCI&Aft'Vl'* 

^h!^© (002) ffi t mt&*St^ ©Jlffi(abffi) tt^{C{4 

-5tb*v^, xmia*fteS3»t5 (oo2)mw^<Dtf mam 

[0 0 0 9] Sfc, *«&»4««Ce**«>ft*ttfe*# 

<, aba (SB) e>&ffcmacm iebSKmrnta^) 

©100(HSF«±-e*>5. AffiJBJ*l$te«»'p-C!M&©(00 
2) ®^s*mfrl-SiE fcEfi) * iir. H<t*»i- 
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[0 0 10] ^r^T**^0JO^-g-*iS^J4, m& v «& 
*t^*Wt^jS-g-^^X. 1. 5g/cm 3 Hi2. 0 

<9, >— Kffi^X^fHlSfcoaO^Ei: U M#a<D(002)ffi 
<DX|£(H]#f&£&I(002)i:U (110)ffiOX^lE]W^ 
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[0012] #5m^^m^t-J;nfJ, #51^ 20 
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(002)ffi(DX^[Hl*f^?rI(002) t L,, (110) fficDX^E 
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[0 0 17] &.\z*$SW<D}) 1 ?'}J*-&.mMti, 9t(D^ 
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ti,xv=?-'?j»—&immmcD&m\zmm£inz>o z\<ov 

^ro(002)®»ffif*9*(6]^, mi&lK^F-ra-effi^^— 3fe 

^o(oo2)ffiwffirt^-(fi]^, hffirosac^rRjtrE 

tzWr&te. BtrlE<J5(002)®©®rt*lPl^, SfffEIEffiO^ 
^t^-<D(002)tB<O®rt*lB]tt, HuiaHScD*fpI^ffi[nj 

[0019] mm<D6Rmsm*z>m&£>m* 
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HJs-^-hmKZthXsfyyT-i Y • -Of— is 
a V • 3 ^y<^7^ K (graphite intercalation compound 

«^5S<OSrt*(Rlf4(002)®<O®rt*|^T*$tt., K 
6 ADl^at^ 5 S ©91*1^ 14 (002) $> S V n 

(4(110) ®CD®f^*-fp)T-^$ix5„ y ^^A-f^-Vf4* 

rtirft, BP%(oo2)ffi©Brt*i«g»j:»oT»IHfj:«A-t- 
[0 0 2 0] 

tt^ — JEK ±©«-§-©*M&atf-<D (002) ®»®rt^ 

[0021] smBE^m^t-ism^fm^s© 
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[0 0 2 2] *^Wt^Sm#&fi. 4*fciW*iH4©t>© 
L< , (002) iB©X*iajf5S*S:I(0 
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*&*<O^ffiT*I(110)/I(002) (%)# i . OHiiDt)©^ 

[0023] act, *^wt^5^**r«, 

*5 fc©T?fcixtf^© J: 5 fcfc ©-?*>«!: 
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[0 0 2 4] *«WI:#5Afili> «*.tf_bE©IM&» 
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02) S©XgjUH]#rS£g £1(002) k (110)ffi©X«||H]#r 
3£g £ I ( 1 10) k L fc £ # , I (1 10) /I (002) (» £ 0. 5-C *> 

5 r. £ i (no) /i (002) (%) aso. 5£i±x-hiv 

J4. ^«&©(110)B©E*-[p], IP*3(002)ffi©ffirt*-(p) 

Hj£ffiT*>*5'— h®©sa^r6]tc^<ffir^-t-5^ 

•rs y^^A^^-^coj£s*5-t-^(cfT^n^©x\ 
m-Bi&mibz^ k&xsz. i(no)/i(oo2)(%) 

»4, lO^TT'foSr t##*U\ I(110)/I(002)(%) 

#1. 5 g /cm 3 *n?fe5t y^A-ftmati© 

«*«ii5V^Sif^^/u=¥— S5S^I*3±-f-5©T-Jif* 
2. 0 g/cm 3 «TT'fetltf+»t'fe5. 
[0 0 2 5] Sfc**Wfcffi*y^*.A ± 
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*>ma&^©^-y^®©*[S]ti-5r - 
ixtitj, A®ijE^©p B ^fT#*i-^y f-VJ»4*^ 
sr . %mmz m,&<r>m ©^ y a» e> am k n » c« a 

[0 0 2 6] iESt LTfi^Jx.fi, LiMn 2 0., Li 
C o 0 2 , L i N i 0 2 , L i F e 0 2 , V 2 O s , T i 

10 «S4fjSrSr*tfb©S:«*-C*5 B ±IE©jE«{c 
f4, JbtEiMfg^K©^, #V y •yltV-V'r^n 

^> y ^ » A - ft Wfe©jEffi iL< L-T*a ^ 

[0 0 2 7] W.lzMMWk bT<±, 01J^.fi, h >• 

^<^/=. V y/K T-fe hxi h y/K 7h7t Kn7 
7 V, 2-^f;l'7f7t Ko77>, y y ? 

•ft — 'J^)V)3 — y^/Df/v 

30 y7"n fcV^ — 3fr*— 

y/D f/U*— Vzff-jVfj — XK*— 

MIC. *>5V^^ixe>©*«E©5*>©— «KJiSr»^-U 

1 oSr^-f-^tf r. t LV\ 

40 [0 0 2 8]tfc, yfyAfiiLTIt LiPF 6 , 
L i BF 4 > LiSbFe. LiAsF 6l LiCl O*. 
L i CF 3 S0 3> L i (CF 3 S0 2 ) 2 N, L i CF 9 
S0 3 x Li SbF 6 > L i A10*> L i A1CU Li 
N (C,F 2 ^S0 2 ) (C y F 2v+1 S 0 2 ) (fcfcL 

yl±i^) , LiCl, L i I ^©5-lp© lit 
feli 2SWJi© y ^-7 AttSra-g-S-tirr *5 t©Sr^J* 
T-#, #ICL i PF 6 , Li B F 4 CDV^-ftt^l O^-f tf 
t>©tfS#3-LV\ *fc-©fiUc:, y^-7A-gc®?ib,(D^r 
^«8lfgi: LT^jfe*>f>*P^ixTV^5t©^ffiv^wi: 

50 tft5„ 
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* L< , *&5t?<D^T'I(110)/I(002) (*)a*1.0£JUb«)t> 

i3:£t><£>T-£>*u4i:*cD4 pftfceoT-fc 4v\ -co 4 5 
Oi^ftfflli: LTfifcir&tf, N-yf/Hfo!)K 

[0031] m^m 2 (c^-r i 5 *<—x h 1 tc-^s 
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[0 0 3 2] ^ KcPniD-r5^#fi, BS^i^flS 
^fiJ^^C, *£&<D (002) ®<£>ffif*3*fa£— KEfa 
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[0 0 3 3] &tzm.Wi<0%Lm$. 0. 4 9#* 
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10 fC|5g^$n5t>cOT-»4^V^^ x 0iJ;tf4*2. 5T«TlSf 
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[0 0 3 4] #;^S 3^-fJ: 5t« BSS^iliS^fc 

20 «IBastt»#fcJ;9Hftri»B£;h.3. -<-*h2(4, M 

lam^o (002) momftjjfa&mmte 4 9 — j&et±©« 

[0 0 3 5] *^(iH3^-t-4 5f-, SnHft^5/4^ae 
ffl£*vf::*®#2(4, -fu^u — 7 6, SfCii^ttTT 0 

30 [0 0 3 6] j^fc:, *^W(C#-5A«W®{3t*'&<7)B'JW 
^JSrSS^^ra.Lrra-TSo ia4~E!6l4, 

-g-^1 1 (»*) SrfflSL-, Z.<nm&m \ IS:, ^^R 
ttt©Sl 2fi:U ? -h^<>^l 3tOT:T^Vf 1 4fl»P> 

ISl 5£D±^^l 3 51/7^^1 4tci4, @*B& 

[0 0 3 7] gctCl^ 5 lc^-T4 5 Ji^<^^ 1 3 SrT 
^^-a-TiS^l 1 ^JiT^^V^l 3, MCiOE^ 
Loo, iT^>fl3, 1 4fcrti*£ixfcttflfc5«:fls 

T-^llJ^*^]^r6]V>TV^fcjg-g-^ 1 1 'pwllfe^^-w 
50 (002)S£Dffirt*[*]*5 x ^ >ht-4 9, 
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[oo38] m&m 1 1 icmn-tz>mm-&. mtimm 

mm<o (002) m(omft%fa&-j>fa^&fa 

ux-mm^^^h^tam-^ u<, r^icio, «s 
xme>mtizv5\<^x'®wtemig,&m'S-®) i 1 icEwra-r-s 
rims, 

[oo3 9] ^tzmmoy^mt. mmnm&tmmi^ 
o.5T^y.±^ <£ u< ttiT^±^<tv\ B£i§ 

•9 JMfci$i;:ti:0iJx.fcfo. l&^JilO^T^-ri v\ 
[0 0 4 0] JfctC^ 6 t^i- j; 5 Jb^'V^ 1 3?rl 
fCT^^itT^-e-ifel 1 1 *±.T'<>*?- 1 3, 
igt^Btc/E^ Lti^«i^@jk«t5 r £ let •? , mm 

(002) momttfaimmz. <t u — jeeunoffl-a-c— ^ 

[0 0 4 1] Sfc, JhifcUtjESi:* ifBOigafefrSrlc: 

KWsy^c^nftmasrtBtT?**,, strte 

[0 0 4 2] 

fi, «&*<^tt^-ei(iio)/i(oo2) (%)^3. o^-r^w 
X&Z> 0 JbfE<£>^m$8 9 6 *&SBlc:*|-U i/yy 
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fiSgB, *13 0MSB£*S-a-U 1 5»«t5r 
L, »2 4)-nnEPJDLfc. 

[00 4 3] ig^T0 3 td^-T «fc 5 ^ h Sr^fg 

10 6 0tT3 O^giLfct, 12 0TCT-2 4^|S;It 
0mm. S535S1. 5g/cm3 0-/-^0*M# 
fc„ X«EI*rHU ^-hE^SS^St LtffV\ I(HO) 

/i(oo2)(«s:*«>fc D muz* i Kijk-r. *im 

fctn — /t-7*W-^ttr^©I(110)/I(002)(%)S-^-r o 
[0 0 4 4] v— httOAttSr^fgrfcSHll 3 

mmroRjS^tjT*>mUT3-<^-fe^ffiOAffii U *° 

20 « mm) l-csw >mmm^mm^tz a 

*tToT««iSrflH±fl:s*fc*, mi- 5 o Boaawnr 

ISO. 2CX0. 00 1V(vs Li+/Li)ift 

30 ms.%m^n^fcm. i&mmmo. 2ct-i. 5v( vs 

Li+/L i)lt^t«MI:tT)^af:. K 

tt{fco?3E;6fcSaM$ £ [SI- t L/c„ 
[0 0 4 5] 
[*ll 
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IBi£&&(T) 


l(110)/l(002)(56) 
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0 


1.4 


0.3 


41.6 


2 


0.5 


8.9 


as 


543 


3 


1 


8.3 


0.7 


65.4 


4 


1.5 


IIjB 


1.6 


71.2 


5 


2.0 


12.8 


2.0 


73.2 


6 


2.3 


23.6 


5.7 


80.1 
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1 1 »g« 

1 2 s 

1 3 ±;<>?- 

l 4 T^v^- 
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